between traits). Note that we thus test whether strengths of maternal trait-based effects depend 2 3 6 on environmental conditions. Model selection was carried out as above. However, we 2 3 7
observed that selected models often had confidence intervals for the maternal effect slopes 2 3 8 that still overlapped with zero or with each other and we simplified such effects out of the 2 3 9 models. To interpret the results more easily and to have a graphical means to assess the 2 4 0 validity of mixed model predictions, we also fitted linear regressions to offspring trait -2 4 1 maternal trait combinations. All statistical analyses were conducted using R (Team, 2005) . To investigate the impact of mild drought on genomic DNA methylation patterns, WGBS was plants that were being subjected to control or water deficit treatments and on 10 day-old 2 4 7 seedlings derived from 5 independent C 1 C 2 and S 1 S 2 G2 lines grown under standard in vitro 2 4 8
conditions. MethylC-seq library preparation and sequencing was performed by BGI 2 4 9 (Shenzhen, China) using standard Illumina protocols. Adapter and low-quality sequences -N 1, -p 3 (alignment); --ignore 5 --ignore_r2 5 --ignore_3prime_r2 1 (methylation extractor).
5 3
Only uniquely mapping reads were retained. The methylKit package v0.9.4 (Akalin et al., and methylation difference cutoffs of 40% for CG, 20% for CHG and 20% for CHH.
5 8
Differentially methylated windows within 100bp of each other were merged to form larger 2 5 9
DMRs. Cytosine positions covered by more than 100 reads were not considered. For DMP 2 6 0 analysis only cytosines covered by a minimum of 6 (CG and CHG) and 10 (CHH) reads in all 2 6 1 libraries were considered. Bisulfite conversion rates were estimated by the number of 2 6 2 methylated cytosine calls in the chloroplast genome. To investigate the impact of mild drought on gene expression, we performed RNA-seq on in the transgenerational design. Total RNA was extracted using the Qiagen RNAeasy to the TAIR10 reference genome using TopHat2 with default parameters (Kim et al., 2013) . Reads aligning to multiple locations were removed using samtools' view with parameter -q 5 2 7 6 (Li et al., 2009) . After this filter, between 95.5 and 96.8 percent of the obtained reads were 2 7 7 aligned to the reference genome. The number of reads per transcript was counted using the 2 7 8
Bioconductor packages Rsamtools and ShortRead (Morgan et al., 2009) . Differential expression between samples in control and drought conditions was calculated with the
DEseq2 package in R (Love et al., 2014) . Genes with q-values lower than 0.05 and log2FC 2 8 1 above 0.5 were considered as differentially expressed. TE differential expression was 2 8 2 analyzed using TETOOLs (Lerat et al., 2016) . RNA-seq and MethylC-seq sequencing data have been deposited in the ENA short read archive under project number PRJEB27682. Growth dynamics of the projected rosette area (PRA) in each generation where we imposed 2 9 1 mild drought indicated clear phenotypic plasticity in response to mild drought for the five 2 9 2 accessions analyzed, as expected (Tisne et al., 2013) . Indeed PRA decreased significantly that are on average 27% to 40% lower than in control conditions at an age of 29 days after 2 9 5 sowing, depending on the accession (G1, Fig. 2b ).
9 6
We then compared, in as much detail as possible, phenotypic traits between the progeny of 2 9 7 plants whose parents experienced stress treatments for two consecutive generations and the 2 9 8 progeny of plants whose parents never experienced stress ( Fig. 1 ; phenotyping at P4 compares 2 9 9 C 1 C 2 C 3 vs. S 1 S 2 C 3 trajectories). In both cases one final generation without a stress treatment 3 0 0 was included (C3), in order to detect only effects with some capacity to persist independently 3 0 1 of the presence of the environmental cue, and to remove direct effects of maternal 3 0 2 environments.
0 3
We did not find any effect of exposure to stress in the first two generations on initial and final (log(PRA) difference 0.063, s.e. 0.022). We found no effects of exposure to stress in G1/G2 3 1 1 nor P4 on mean initial log(PRA) when taking line variation and pot order effects into account attributed to ignoring non-independence in the data. Unexpectedly, we found effects of stress in P4 on initial log(PRA) heterogeneity (residual variance) of two accessions in that Table S1 : Cvi and Bur). These effects must be spurious (sampling effect), as the stress treatment has not started yet at this stage. Therefore, we do larger in the control (Table 1) .
Our gamm analysis indicated that relative growth rates (RGR) from days 13 to 16 and from accession Col). Notably, growth rate plasticity in response to drought is not permanent. Indeed, relative growth rates near day 28 are very similar under control and stress conditions, Modeling RGR demonstrates a steeper decrease from five to eight days after the water supply is reduced in all accessions (Table 2, Fig. 3 ) and a corresponding decrease in the growth rate intercept at day zero as a side effect). However, this initial decrease is followed by a recovery. For three out of five accessions, plants subjected to mild drought acclimate and recover RGR incomplete and for Sha we find some compensatory growth; RGR decreases less with age in 3 3 2 the stress group. There are no memory effects of exposure to stress in G1/G2 on average larger from days 13 to 16 for the Col individuals that descend from parent that experienced 3 3 6 stress in G1/G2 (p < 0.001); for Bur the variance in the descendants of G1/G2 stress group is 3 3 7 smaller (p = 0.022). For Col, the growth rate variance from days 25 to 28 is smaller for the 3 3 8 descendants of the G1/G2 stress group (p < 0.001). For Cvi, this variance is larger in the 3 3 9 descendants of the G1/G2 stress group (p < 0.001). This pattern points out that amounts of ancestors in G1/G2 (Supporting Information Table S2 ) and in two cases on the environmental 3 4 7 regime in P4. By inspecting the models per accession, we can make an assessment of whether effects. This can be the case when slopes of traits on themselves have become larger in the case for Bur (Supporting Information Table S2 ). There are no enchained maternal trait effects that would lead to lagged responses over several generations. When we inspect the maternal trait dependency (Fig. 4) of compactness in Col, we note that historical and current environments and that the scope for a change in the persistence of 3 6 0 maternal effects due to mild stress is limited (Fig. 4) . Indeed, the slopes of the effects are not 3 6 1 particularly strong, nor general across accessions and they do not seem a valid candidate for on offspring were significant and had interpretable confidence intervals, which is very close 3 6 4 to the type I error rate. We therefore conclude that the number of heritable effects transmitted 3 6 5 through maternal trait-based effects is negligible. In 13 out of 25 trait × accession models, individual variation is enlarged in the stress 3 6 7 environment in P4 (Supporting Information Table S3 ), in 5 out of 25 models the variation 3 6 8 between individuals is larger among descendants of individuals stressed in G1/G2. In two 3 6 9 cases this variance is smaller. To complement the phenotypic analysis, we investigated the impact of mild drought on 3 7 4 genomic DNA methylation patterns using the reference accession Col-0, which shows the 3 7 5 strongest phenotypic response (Fig. 2b ) and for which a wealth of epigenomic data are Tables   3  7  8 S4 and S5). Overall, cytosine methylation levels are similar between control-and stress- between the three types of sites and annotations are also identical for control-and stress- does not directly affect overall DNA methylation patterns in Arabidopsis. To identify local differences, methylation levels were compared at individual cytosine Tables S6 and S7 ). All DMPs map to CG sites whereas most DMRs (95%) are CHH DMRs only (Fig. 5a ). The vast 3 9 2 majority of CG DMPs (93%) are within methylated gene bodies ( Fig. 5a and b) and they 3 9 3 reflect almost equally either increased or decreased methylation levels in treated plants compared to controls, consistent with the notion that gene body methylation tends to vary stochastically across generations at individual CG sites (Becker et al., 2011; Schmitz et al., sequences and tend to reflect hypermethylation in treated plants ( Fig. 5c and d, Supporting As different TE families may show different sensitivity to environmental cues (Pecinka et al., 5f). Thus, we conclude that mild drought induces a limited number of robust DNA 4 1 0 methylation changes over regions that are distinct from those subjected to stochastic or salt- have a high abundance of matching 24nt small RNAs (Fig. 5h) . Moreover, no correlation was To determine if genes with changes in DNA methylation near or within them are drought 4 2 3 stress responsive, we performed RNA-seq on leaves isolated from Col-0 plants directly 4 2 4 exposed to mild drought or control treatments and grown for 3 weeks on the Phenoscope. drought, respectively; Supporting Information Table S8 ), but not for any of the annotated TE progenies of Col-0 C 1 C 2 and S 1 S 2 plants were chosen for further analysis (Fig. 1a) . WGBseq progenies derived from the five stressed parental lines (Supporting Information Fig. S4 ). In increase methylome heterogeneity among progeny of stressed plants. It has been proposed that exposure to environmental cues can trigger phenotypic changes that 4 7 2 are inherited for more than one generation, and that this occurs through epigenetic 4 7 3 mechanisms (Bossdorf et al., 2008; Richards et al., 2017) . In this study, we showed that water in phenotypic traits, but the variance can be increased or decreased depending on the response to mild drought were observed, these were only marginally associated with changes with DNA methylation changes (Meng et al., 2016) and the extent of the latter as well as the induced by salt stress are transmitted to the immediate progeny (Wibowo et al., 2016) , this is 4 9 7 not the case for the CHH-DMRs induced by mild drought (this study) and in rice there was 4 9 8 also no transmission of the CHH-DMRs induced by phosphate starvation (Secco et al., 2015) . Thus, evidence so far points to a clear effect of environmental factors in triggering DNA 5 0 0 methylation changes, which however do not persist across more than one generation. Indeed, slopes were created. Therefore mild drought stress did not change this presumed mechanism 5 1 8 of non-genetic heritability. effects. The changes in trait variance could indicate that mild drought stress rather affects the Modeling suggests a potential for DNA methylation-based transgenerational epigenetics to In conclusion, our study provides strong support to the notion that plants first respond to We thank members of the Colot lab for discussions. This work was supported by funding 02 PSL Research University. generation (G1) for the five accessions grown under control or drought (stress) conditions. 8 0 9
Individuals that remained below 1 cm2 PRA by the end of the experiment or that died
prematurely are not shown. plants per accession × treatment. additive mixed models (gamms). On the x-axis the age of the plants in days is given. Plants are grouped for two panels each time so that pairwise comparisons between G1/G2 (Memory) outlying patterns and that these have very low growth rates for a restricted age window only. G1/G2, black for individuals with ancestors under control. methylation levels in wild-type (wt) and mutants for the RdDM (rdr2, ago4 and drd1), CMT2 containing TEs. non-stressed plants. between leaves of stressed and non-stressed plants. response to mild drought. Table S1 . Effects of environmental state in G1 and G4 on the residual variance in initial log(PRA), projected rosette area. Table S2 . Estimates of trait-based maternal effects per accession. Table S3 . Estimates of Individual within-line variances in models with trait-based maternal 8 6 9
effects per accession. Table S4 . Summary statistics of whole genome bisulfite sequencing data. Table S6 . List of differentially methylated positions. Table S7 . List of differentially methylated regions. Table S8. List of differentially expressed genes. 
